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A PRELIM1:ARY REPORT ON
SOUKD TRANSWISBION AT SAN JUAN, PUERTO RICO

by

R. A. Froich, A. N. Guihrie, H. H. Lecar; H. L. Poss

INTRODUSTIOR

In order to choose and opelrate sffective listening statione
to be uesad in the passive detection of ships and submarines, it
is recessary %o understand the transmiseion of sound in the ocean.
It 1s particularly important? to understand the effact of the char-
acteristics and configuration of the ocean bottom on this trans-
mission., To further this understanding a continuing investigation
of sound recorded on the hydrophones of the Hudson Lahoreatories
Puertsc Rinsn P ich has Ueen underisken. 1In this report, the
resulte ©f & preliminary analysis of data cbtainsd uesing explosive
and 30 ops continuous sources are presented. The experimental re-

sulte are compared with predictions derivad from ray computatiors

Sy VVYEp edmYaTea

for thie rsegion.
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i. Propagation beyond the end of the 3° slope at Puerto Rico 1s
characterized vy deep water focussed transmission with 35 mile

%l
pa-k.u ge

2. From the deep hydrophone out to the end of the 3° glope (a
distance of 20 - 25 miles) the scund intensily suffers inveérss
squard spreaxing Zus tc the geometry of the slope and an addi-

tional loss of ssveral 4b due to impsrfect bottom reflections.

3. PFor the sheot data, the intensity change down the initial
eélope san be matched fairly well within the function AR—2-26.

A bottom velocity of 6625 ft/cnec and a density of 2 give a bot-
vily yislding this intensity-range law. This veloc-
ity 1s in excelient agreement with that calculated from seismic
refraction shotis near the deep hydrophone. This agreement in-
dicates that the technique of comparing r&y trascing intenslties

i
derived srom particular assumptions about the bottom with data

- egreement with The snot data.
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6. The intensities from shot data for the shallow hydirophone are
3 db bsiow those for the deep hydrophone. Thie 1s presumably dus
to further attasnuation of the sound through multiple reflections

or the gsiope.

6. The comparison of the Puerto Rico intensitloa with intenei.-
ties teken st Eleuthera indicates that the latter are 3-4 db above

these msasured at the Puerto Rico §5 mile neske.
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PART I

TRANSMISSION USING SHOT SOURCES

by
A. N. Guthris and H. H. Loar

Scund transmigsion experiments using explosive charges as
scurces were oonducted at the Hudeon Laboratories Puerto Rico
Staticn during March and April of .953. The results presented

ere those of a preliminary analysies of two exercissa:

. l. COperation 13 -- Zvent DOG

The U3 ALLEGHENY traveled at a speed of 10 knots
on couree 000° from San Juan, dropping £ 1b TNT
charges at 12 minute intervals.

2. Operation 14 (AMOS Cruise 12, Special Event DOG)
The USS SAN PABLO traveled at a speed of 10 knots
on cours? 007° from San Juan, dropping £ 1/4 1b

C-3 composition demolition blovks at 8 minute in-
tervais.

In both exercices, recordings were made from ths ehallow

o=

A block diagram of the recording equipment is shown in
Fig. 1. Ampiified signals from both the deep and the shallow
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hydrophone cables wers resorded cn dual channel frejuency moduia-
tsd Ampex recorders during Opsration 14 and on dual channel Kagne-
corders during Operation 13. In order tc measure sound travel
times, the eignal from the deep hydrophone was recorded on a Brush
083illograpi along with a break 3econd chronometer signal and the
radicsd zshct algnal from the shooting ship. The distance of the
shot from the hydrophone was determined by multiplying the travel
time of the first sound arrival by the average sound veloscity ia
the surface aound channel.

The range was sufficiently great &0 that it ia reaeonable to
2s2ume that the caergy reacshing the nydrophone from the scurce was
propagated in plane waves. In this case, the rate at whioch energy
orossee & unit area normal to the propesgation dirsction ies egusl
tc -

g = 2%

Po

where

1e the sound velocity
is the instantaneous orcsse pressurse
aué to the sound source

AP 1s the water denaity
o
>

The totel energy from a shot crossing unit arsa (of the lieteniig

”~

where the integral 1s taken from the time of the initial sound ar-

rival (t20) until after the last sound fros ths shot has reached

the hydrophone (%=T).
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Analog computer unite made by George a. Philbrick Researchee,
Inc., were used tc evaluats jg ) p2dt. The hydrophone sigrals
reccrded on the magnetic tapes are directly proportiongl to the
pressure excessee at the hydrophone. These gignale, reproduced
by playback of the recordings, are filtered, amplified, squared,
and then integrated over the time of arrival of shot energy using
tke analysis instrumentation shown in Fig. 1. Ths squaring cir-
cuit was frequently checked to insure that the output vcltage wae
proportional to the square of the input voitage. In spitre of care-
ful adjustments, the pointe on a plot of output vs (1nput)2 would
ssattor froh & straight line by as much as 5%. Therefore, the am-

plifier gains were adjusted for each shot to keep approxiuatsly

the same voltage amplitude into the equaring circuit.

Ir jC pzdt were dividedé by T, the resuii would be the av-

erage p2 at the hydrophone ovsr the time interval during which
the s3hot energy is arriving. A more useful quantity for fLrans-

T
mission studies regults if l: padt ig divided oy one gecond. This

gives the aversge p2 at the hydrophoné which would exist if all

the energy arrived during on

»
[} ]

sseni. To convert th;t to & decibel

scale, the resulte given in this report are measurements of

,_f T nlat

-~
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A typical Brueh oscillogrem obteined using the insirumenta-
tion of Fig. 1 iz shown in Fig, 2. (Channel 1 is a record of the
input to the squaring cirocuit. Charnel 2 ia a record of the out-
put of the integrating cirouit:’.ghe total derlsction of the gal-
vanometer 1s proportional to “L i pzdt « There is n¢ zontribu-
tion to this integral fror nolse recorded on the magnetic tapes
or nolee from thes playback circuits since the nolse is cancelled
out in the adding circuilt. The "adGsr® ie designed to &aid qr sub-
tract an sdjustable constant voltage to ita input signal.

In running off oné of the ehots, the following procedure was
followed:

1. W¥With the recorder on "playback", ths adder was adjusted
to give no signal out of the integrator until the initial
arrival from ths shot.

2, If after the last shot scund arrival the velitage cut of
the integrator remained constant (i.e., if tho deflec-
tion of the galvanometer zsn of Channel 2 remained un-

changed), the record was considered good. ‘

3. If the Brush pen did no: stay at a given deflestion after
the ahct arrivals, it was an iadication that the noige
level nad not been properly subtracted and the record was
Qlscarded. A new oscillogram of the shot was then made.

Froa Fig. 2, it is evident that it 1s poseible %o measure the

energy arriving by sach ray path. HRowever, only the total shot

3 db above the level at the shallow hydrophone (Fig. 3). That is,

e e
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in terme of defensive monitoring, tne deep hydrophone will monltor
an area four times as large as taat covered by the shallow hydro-
phone, assuming cylindriocal spreading.

| In Fig. 4 the results of Fig. O have bean replotted after add-
ing a term (10 log R) to ceirsot for sylindrical spreading. For
ranges greater than 30 miles, the pressure lsvels at the peaks se:2n
to be consistent with gylindrical lprinding. However, for ranzes
less than 30 miiss, the rressure level falls of{ more rapidly than
é3pected for “spherical spresading.

Figs. 5 and 6 show a comparison of the pre2eure levela at the
Fuerio Rico deep hydrophone with the pressure levels measured on
the “gooa* azimuthl at Eleuthera. Dats for gome ranges are missing
frca thsse curves because not g£l)l the shots have yet been analyzed
in the 20-40 ops ragion. At Eleuthera the levele fall off almost
oylindrically and are from 3 to 4 db ahove the peak levels at
Puerto Rico. The difference can undoubtedly bs attributed to loss
on the slope from the hydrophone out to about 25 milee at Puerto
Rico.

A more detalled analysis of these results will be preparea

in the near futurs.
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. PART IX

TRANSNISSION USING 30 CP8 CONTINUOUS SOURCE
by
H. L. Poss

During February, 1963, using as a detector the deep (465 fath-
ome) moving ceoil hydrophone of our Puerto Rico Station, the prees-
sure levels from & 30 cps source were measured out to source dis-
tances of 300 miles due north of the hydrophone. The source was
an A Mark S5(b) mineeweoping gear, modified to operate at 30 cps
with & high degree of frequency stability. Thie source was de-
scribed previcuely in a separate report.2

The first 27 miles of range were covered almcet sontinuously
in a series of runs in which the source waa towed by the USS ALLE-
GHENY. The source depth was 42 feet. Tus towing speed was limit-
8d to about 3 knots so that it was not practical to cover ths full
range by this procedure. Instead; the source wae cperated at var-
Jous stations along the range while the ALLEGHENY was drifting.

It would then be lifted clear of tbhs water 80 that normal cruls~
e maintained U0 The nexu station. AL each arift

$his sCurcs was vperated at depths of 42 feet and 84 faet.

—doadA -

In this preliminary report, resulte are presented for the shallow-

er depth at Adletances out to 167 miles for comparison with shot

dava.
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The ship's position was determined by Loran and celestlal
navigation. As a check, 1t was poasible to determine the ship's
distance from the hydrophone in most instances by having the
sound source turned off at a spscified time, communicated to the

shcre~-based laboratory by radilo, and noting the interval which

[

elapesed until the hydrophcns signsl disappeared. This interval

Suid be dstermined %o abcut o second. The distance cgliculated

Q

firom theese travel times agreed quite well with those obtained by
the navigation methods.

To measure preseure level, the hydrophone signal was passed

N . —— h Loy o o
S -

through a selective amplifier having a bandwldth of about 1 cps
and was recorded on a logarithmic level recorder having a Y0 db
range., bBeyond 30 miles, the signal to nolse ratio was usually
tG0 low for rellable measurements to be taken in this way and re-
course was made to a bark of very selective tuning fork fllters
having Q's of about 8000. The bandwidth of such & filter at the
half power pointe is 0.004 cps. The fllters have been described
in other reportl.g‘% Individusal rilters were tuned to frequen-
cles at intervals of 0.0l cps above and below 30 cps and thelr
outputs were recorisd on linear level recorders. They were se-
iéotive enougk %c detect the Doppler ghift in frequercy of the
source resulting from the ship's rate of arift.
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determined with respect to a 30 cps tuning fork oscillatcr ueed

ag a reference standard by a phase comparison method described in
another report.4 Knowing the Q's of the filtere and thelr reso-
nant frequencies with respect to the standard, the correction could
then be made. In measuring levels; use was made only of the fil-
ters having the higheset outputs, that is, those closest to the sig-
ral frequency. The calitration of the hydrophone was known so that
!t was possible to obtaln absolute pressure levels.

The signel level would frequently have large fluctuations &t
any particular station. These fluctuations are probably attribu-
table to multi-path interference effects. At each drift station,
the aversge level over the time of cbgervaticn is plotted.

Out to 27 miles, the region of almoat continuous coverage,
the square of the pressure falls off at a rate approximately pro-

-8 - e A A -~ . - - -
orticnal ¢ R°Y (R4 he next point at 58 miies ie one of

9

very low level in agreenent with the shot data and ray analysis.
The remaining pointe are too widely separated tec permit the shape
of the curve to be inferred, but their values appear to be con-
sistent with the peaks and dips appeering in the more detailed
shot data avallable in this region {(Fig. 8).

It is planned to give a more detalled analvsias and deacrip-

tion af these

a ilarer renport,
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RAY THEORY OF TRANSMISSION
by
R. A:. FTrosoh

Dstalilsd ray tracings have besn mede for the Puerto Rico
deep hydrophone, and intensity range ocurves dbased upon ray den-

gities have been mesde from these,

Bottom Contour

The bottom contour was taken from a fathogram made by the
3‘8 ALLEGHENY 2uring an actual run along OOC®?T from the dsep hy-
4done since indicates that naviga-

tionel errci's were made during this run, so that the bottom used
P

The hydrcphone wag taken to be at 2790 ft. From the hydro-
phone out about 20 qilen, the bottom slopes off at about 3° un-
Y FPCE Vihd D p:::. rx"
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CC and 25,000 feet deep.

The shallow#st point on the far side of the trench is &t about
130 miles from the hydrophone and is 16,800 feet deep.

SECRET
SECURITY LIRS ORRATION

) L e "
RO e——————r—— nmammn&unmmmmnmmmWﬂMW%ﬂMﬁ

T RS L2 ) VS O It O 3 2 N . A A RO WY T

i

7 DS




P

B T S s, = . ) . 3 = A ot
P R Sy TRITITRR T e e e L3 e P S R e T T TR i, 7R Nf%;nhsaﬁmhwﬁﬂi*“%%,l

SECRET - 16 -
. Velcoity Profile
The veloocliy profile used in tThess ray iTracings was conetruct-

ed from a conslderable quantity of data. A large number cif veioc-
ity profilsae for the area, for which we are indebted to the Woods
Hole Oceanographic Institution, were plotted on cne graph, to-
gether with profiles computed from Hydrographic Office data taken
San Juan, and from bathythermograph clides taken during the ex-
discussed in this report. A curve, drawn by hand to best
fit these data, was used in this computation (Fig. 10). The sali-
for the month of March are a surface sourd channel ex-~

tendlng to 360 feet, and a main sound chanrnel axis at 4100 feet.

Ray 3tructure

Rays were tiraced every 5° from 14° with the horigzontal (sghal-
lowest angle ray reaching the surface) to 39°, and every 1° from
39° to 59°. Rayse of shallower angle than 42° do not continue to

he surface after several refiections from the 3° slope. Ko

gslope, continuss to go to the surface (ses Table I). HKence, the

transmission from large ranges 18 provided by three disorete cones

of rays: 42°-44°, 48°.51°, 54°-57°. The bettom acts as a bafrle

P p oy Sy Spo

pToVenvaiig UViasT

y® irom résching iarge rangese..

All rays reaching large ranges have their lsst hounce »n the

3° slope between 13 miles and the end of the slope (20 miles), and

then behavs at larger ranges as deep water transamlticsd rays (Fig.9).
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A fow are bottom reflected at the divide acroes the trench. It 1s
'thil deep water transmission oharacteristic which ie responsible

for the 36 mile peaking seen in the experimental resultse. The m&jor
intensity lces takees place betwssn the hydrophone and the end of the
3* slope. This loss 1s due partly to the spreasding of the rays as

they bounce down the siope and partly to loses on refieotion.

Intensit omputation
The intensity from initial angle fo is taxen to be proportion-

al to the oross ssotional area of ths small buniie of rays origil-

nating around fo. Following a suggestion made by members of WHOI 6,6

il n
Vadei IO

[
(1]
(<]

following manner:
is the initial angle of the ray and n the number of

boundes (or refrasted inversions) besfore reaching the surfaoe at

26 & Zinba el
g. ~=+1E
"] 5

range R, one plots, separately for each value of n, log 8in @

ve Hg. If this curve 1s differentiated and mulzipliad by %}%{go.
: i

woere f, .8 the angle of the ray at range R, the resulting quan-

tity 1s nranantinng) a8 ths Ansancas
-Gy eer ore Towa YIWIIRS. IV VAT disvviewav
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' of - -

Ml

231 -
- vid 44
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The ourves were differentiated using the Lagrange interpola-

tion formula applied to guocessive groups of 3 points. Thie 18

equivalent tc £i3ting each 3 points of a ocurve with a sesond or-

Ve, anad vhen vaking Uhe derivaiive of the curve at the mid-
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Each point was then oorrected fcor reflecticn loss¢ in bounc~

ing off the bottom This correction waes msde assuming the Rayleigh
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reflection law. Oomputations were made for several vaiues of

gsouni velooity and density of the bottom (Tadle II).

Yelocity in € 8oa o
Sediment Cuator
5700 1.8 8680
6000 2 12000
7000 2 14000
rigid
Dlsoussjon

he effsct of ths bounces =ay be #een Iroa Tavie I. Of partic-
1

psaked at 68, 55, 125 and 165 milex. The i=fizitely deep troughs

between the peska represent shadow gzones. The Gscillations at

$2all ra55ss, \less than S0 miiss; are aus tO ine pariiai separa-
tion of the roys ints srrival &50ups with rangs, i.e., the range
interv2ls in which rays arrivs at the surfece having hed 1,2,3,

eto. botton reflections only partly overlap. EKach sucocessive

bottom reflsection further attenuates the rays, so that the whole

|
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group of twice reflected rays 3s several &b belcw the once reflected
rays, etc. (Table I). PMurtherzore, the steeper angled rays, which
ars most attenuated upc: bottom reflection, arrive at the surface
aftér n vottom reflsciions at shorter ranges than the shallover
angled rays. There are scze possible indications of this oscilla-
tory behavior in the experimental deta at 1& and 23 miles.

The line2 marked "probable focussing® in Fig. 1l correspord
to polnte of vVertical slope on the log Bin Oy Ve ﬁg curves. line.
sufficient fase were traced to he certaln that they really are
poinvs of vertical slope.

A plot of log p° vs log R for the experimental shot data oun

be fitted moderately well by a siralght lins of slcpe -2.26 & C.1

| o R
Y L. He

(£1% by eye) Pig. 12. 8Similar plots (Fig. 13) for the ray tracing

intensities tatween 5 and 256 miles give slopes as shown in Table i
k1]
II11. .I
TABLE III %5!
v = 5000 - = 1 ;E
Yater (Yater =
Velooity Denzity _Blope s
6700 1.6 -4.8 £ .5 'ﬁi
6000 ) -2.76 * .3 =1
7000 - -2.12 ¢ .1 g“
P i
rigig £ i =
experiments: shots -2.288 ¢ .1 !f{
o
S8EGRET -E@;
SE0URITY IRFGRMATION ?‘5!
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The errore given sorreespond tc the outside limits of the
slopes of poasible straight line fits. If we plot these slopes
ve the corresponding (° (Fig. 14), we see that the experimen-
tal Teanlt asor»egponds to ;bOut‘ (° « 13,850 ¢ 600, whioh, if we
take da 2, giveas

2 = 6688 * 500 ft/aec { T << 55).

Preliminary refraction shooting at Puerto niooz, taksz 3
gether with the recuita‘or previous work by the staff of the

gy

7
mont Geolegioal Observatory’ guxss3ts $hat $hs structurs of

tottcz near the deep hydrophone is as shown in Pig.16. If th

L

top sediment layer continues to pinch off at 4° rate, it would de
completely =iesing at less than £ miles from the hydrophone. In

this dasa_  tha hottom veloeity on tha alana would he RRRO Fr/sss

- v - - -

[ 4
' ]
$

in fortuitously good agreement with ths result ob
paring the ray trao;ng results with the shot data.

va iog R plot for the 30 ops data (Fig. 7) gives a

-

slope of =3 between 5 and 30 uiioss This might be attributgbls
to ray nath intsrfarence, but 1t 18 Aifficult to z22 how this

oould affect the cverall rate of fall-off with range. The ex-
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the order of 2 wave lesngth, 187 fest, or #o. & dispersive bot-
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The appearance of the various intensity range diagrams is
very eimilar to Fig. 11, which is for 7000 f£¢/sec Ain the bottom.
Aside from the initisl fall-off of intensity, the most predoa-
inant characteristic of the intensity range curves is the peak-
ing. iIn Tables V and VI are tabulated the ranges and heights of
these peaks, uhe laiter negleciing fooussing. Judging from the
peak heights, & suitable Yottom velooity would appear to be be-
tween 5700 and 6000 ft/sec, since such a veloolty would minimize
Zi0 - Ip) shot - (I4 - Ip} rays. (I10 ™ intensity at 10 miles,
Ip at a peak.) However, displacement in the ranges of the theo-
retical curve by 4 miles, as indicated by Tabla I, Col. 7, to pro-
duce beiier agreement of the peak position, makes the new relative
peak amplitudes:

TABLE IV
(I35 - Ip) regs - (I 4 - I,) shots.

Peax Jo., 6700 6000 7000 Rigia

G W
§

Q

(o]

)

-

The difference i1s minimized, though not well, somewhera sbou

700¢ f£%/ssc.
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S8uch a displacemeni might be ind’cated by the correct bottom,
which has a knee some 10 mileg farther out than the bottom ueed for
the gy iracings. However, the above tests are hardly sensitive as

the scatter of both shot data and computations is prcobably at least
2 av.
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